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Chapter 2

Preliminary Design
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Ubits Can Only Deploy to the Tight Side of Truck
Figure 2.3.11-1

Safety Cables

Safety cables strung on steel plate girders or trusses allow for walking access. Care must

be given to the application and location. Built-up plate girder bridges are detailed with a
safety cable for inspectors walking the bottom flange. However, when the girders become
more than 8 feet deep, the inspection of the top flange and top lateral connections becomes
difficult to access. It is not feasible for the inspectors to stand on the bottom flanges when
the girders are less than 5 feet deep. On large trusses, large gusset plates (3 feet or more
wide) are difficult to circumvent. Tie-off cables are best located on the interior side of

the exterior girder of the bridge except at large gusset plates. At these locations, cables

or lanyard anchors should be placed on the inside face of the truss so inspectors can utilize
bottom lateral gusset plates to stand on while traversing around the main truss gusset plates.

Travelers

Under bridge travelers, placed on rails that remain permanently on the bridge, can be
considered on large steel structures. This is an expensive option, but it should be evaluated
for large bridges with high ADT because access to the bridge would be limited by traffic
windows that specify when a lane can be closed. Some bridges are restricted to weekend
UBIT inspection for this reason.

Abutment Slopes

Slopes in front of abutments shall provide enough overhead clearance to the bottom
of the superstructure to access bearings for inspection and possible replacement
(usually 3 feet minimum).
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24
2.4.1

Selection of Structure Type
Bridge Types
See Appendix sheet 2.4-A1 for a bar graph comparing structure type, span range and cost range.

The required superstructure depth is determined during the preliminary plan development
process. The AASHTO LRFD Specifications in Table 2.5.2.6.3 show traditional minimum depths
for constant depth superstructures. WSDOT has developed superstructure depth-to-span ratios
based on past experience.

The AASHTO LRFD Specifications, Section 2.5.2.6.1, states that it is optional to check
deflection criteria, except in a few specific cases. The WSDOT criteria is to check the live load
deflection for all structures as specified in AASHTO LRFD Specifications, section 3.6.1.3.2
and 2.5.2.6.2.

The superstructure depth is used to establish the vertical clearance that is available below

the superstructure. For preliminary plans, the designer should use the more conservative depth
determined from either the AASHTO LRFD criteria or the WSDOT criteria outlined below.

In either case, the minimum depth includes the deck thickness. For both simple and continuous
spans, the span length is the horizontal distance between centerlines of bearings.

The superstructure depth may be refined during the final design phase. It is assumed that any
refinement will result in a reduced superstructure depth so the vertical clearance is not reduced
from that shown in the preliminary plan. However, when profile grade limitations restrict
superstructure depth, the preliminary plan designer shall investigate and/or work with the
structural designer to determine a superstructure type and depth that will fit the requirements.

A. Reinforced Concrete Slab
l.  Application
Used for simple and continuous spans up to 60 feet.
2. Characteristics

Design details and falsework relatively simple. Shortest construction time for any cast-
in-place structure. Correction for anticipated falsework settlement must be included in
the dead load camber curve because of the single concrete placement sequence.

3. Depth/Span Ratios

a. Constant depth
Simple span 12
Continuous spans s

b. Variable depth

Adjust ratios to account for change in relative stiffness of positive and negative
moment sections.

B. Reinforced Concrete Tee-Beam
1. Application

Used for continuous spans 30 feet to 60 feet. Has been used for longer spans
with inclined leg piers.

2. Characteristics

Forming and falsework is more complicated than for a concrete slab. Construction
time is longer than for a concrete slab.
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3. Depth/Span Ratios

a. Constant depth
Simple spans 113
Continuous spans is

b. Variable depth

Adjust ratios to account for change in relative stiffness of positive and negative
moment sections.

C. Reinforced Concrete Box Girder
1. Application

Used for continuous spans 50 feet to 120 feet. Maximum simple span 100 feet
to limit excessive dead load deflections.

2.  Characteristics

Forming and falsework is somewhat complicated. Construction time is approximately
the same as for a tee-beam. High torsional resistance makes it desirable for curved
alignments.

3. Depth/Span Ratios*
a. Constant depth
Simple spans s
Continuous spans 1/20
b. Variable depth

Adjust ratios to account for change in relative stiffness of positive and negative
moment sections.

*If the configuration of the exterior web is sloped and curved, a larger depth/span
ratio may be necessary.

D. Post-Tensioned Concrete Box Girder
1.  Application

Normally used for continuous spans longer than 120 feet or simple spans longer
than 100 feet. Should be considered for shorter spans if a shallower structure depth
is needed.

2.  Characteristics

Construction time is somewhat longer due to post-tensioning operations.
High torsional resistance makes it desirable for curved alignments.

3.  Depth/Span Ratios*
a. Constant depth
Simple spans 1205

Continuous spans 125
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Variable depth
Two span structures
At Center of span 125
At Intermediate pier Vi2s

Multi-span structures
At Center of span 1/36
At Intermediate pier /18

*If the configuration of the exterior web is sloped and curved, a larger depth/span
ratio may be necessary.

E. Prestressed Concrete Sections

1. Application

Local precast fabricators have several standard forms available for precast concrete
sections based on the WSDOT standard girder series. These are versatile enough
to cover a wide variety of span lengths.

WSDOT standard girders are:

a.

WOI5G, W83G, WF74G, WF58G, WF50G, WF42G, W74G, W58G, W50G, and
W42G precast, prestressed concrete [-girders requiring a cast-in-place concrete
roadway deck used for spans less than 180 feet. The number (eq. 95) specifies
the girder depth in inches.

WOISPTG, W83PTG and WF74PTG post-tensioned, precast segmental I-girders
with cast-in—place concrete roadway deck use for simple span up to 164 feet. and
continuous span up to 200 feet.

U**G* and UF**G* precast, prestressed concrete tub girders requiring a cast—in—
place concrete roadway deck are used for spans less than 140 feet. “U” specifies
webs without flanges, “UF” specifies webs with flanges, ** specifies the girder
depth in inches, and * specifies the bottom flange width in feet. U**G* girders
have been precast as shallow as 26 inches.

Post-tensioned, precast, prestressed tub girders with cast—in—place concrete
roadway deck are used for simple span up to 164 feet. and continuous span up
to 200 feet.

W65DG, W53DG, W41DG, and W35DG precast, prestressed concrete decked
bulb tee girders requiring an HMA overlay roadway surface used for span less
than 150 feet, with the Average Daily Truck (ADT) limitation of 30,000 or less.

W62BTG, W50BTG, W38BT6, and W32BTG precast, prestressed concrete
bulb tee girders requiring a cast-in-place concrete deck for simple spans up
to 120 feet.

12-inch, 18-inch, and 26-inch precast, prestressed slabs requiring 5 inch minimum
cast-in-place slab used for spans less than 90 feet.

26-inch precast, prestressed ribbed girder, deck double tee, used for span less than
60 feet, and double tee members requiring an HMA overlay roadway surface used
for span less than 40 feet.
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2. Characteristics

Superstructure design is quick for pretensioned girders with proven user-friendly
software (PGSuper, PGSplice, and QConBridge)

Construction details and forming are fairly simple. Construction time is less than
for a cast-in-place bridge. Little or no falsework is required. Falsework over traffic
is usually not required; construction time over existing traffic is reduced.

Precast girders usually require that the bridge roadway superelevation transitions
begin and end at or near piers; location of piers should consider this. The Region
may be requested to adjust these transition points if possible.

Fully reinforced, composite 8 inch cast-in-place deck slabs continuous over interior
piers or reinforced 5 inch cast-in-place deck slabs continuous over interior piers
have been used with e. and f.

F.  Composite Steel Plate Girder
1.  Application

Used for simple spans up to 260 feet and for continuous spans from 120 to 400 feet.
Relatively low dead load when compared to a concrete superstructure makes this
bridge type an asset in areas where foundation materials are poor.

2. Characteristics

Construction details and forming are fairly simple Construction time is comparatively
short. Shipping and erecting of large sections must be reviewed. Cost of maintenance
is higher than for concrete bridges. Current cost information should be considered
because of changing steel market conditions.

3. Depth/Span Ratios
a. Constant depth

Simple spans 1/2

Continuous spans 125
b. Variable depth

@ Center of span a0

@ Intermediate pier 1/20

G. Composite Steel Box Girder
1. Use

Used for simple spans up to 260 feet and for continuous spans from 120 to 400 feet.
Relatively low dead load when compared to a concrete superstructure makes
this bridge type an asset in areas where foundation materials are poor.

2.  Characteristics

Construction details and forming are more difficult than for a steel plate girder.
Shipping and erecting of large sections must be reviewed. Current cost information
should be considered because of changing steel market conditions.
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3. Depth/Span Ratios
a. Constant depth
Simple spans /2
Continuous spans 125
b. Variable depth
At Center of span 140
At Intermediate pier 1/20
Note: Sloping webs are not used on box girders of variable depth.
H. Steel Truss
1. Application

Used for simple spans up to 300 feet and for continuous spans up to 1,200 feet.
Used where vertical clearance requirements dictate a shallow superstructure and long
spans or where terrain dictates long spans and construction by cantilever method.

2. Characteristics

Construction details are numerous and can be complex. Cantilever construction
method can facilitate construction over inaccessible areas. Through trusses are
discouraged because of the resulting restricted horizontal and vertical clearances
for the roadway.

3. Depth/Span Ratios
a. Simple spans /s
b. Continuous spans
@ Center of span s
@ Intermediate pier 1/
I.  Segmental Concrete Box Girder
1.  Application

Used for continuous spans from 200 to 700 feet. Used where site dictates long
spans and construction by cantilever method.

2. Characteristics

Use of travelers for the form apparatus facilitates the cantilever construction method
enabling long-span construction without falsework. Precast concrete segments may
be used. Tight geometric control is required during construction to ensure proper
alignment.

3. Depth/Span Ratios

Variable depth
At Center of span 1/50
At Intermediate pier 1/20
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J.  Railroad Bridges
1. Use

For railway over highway grade separations, most railroad companies prefer simple
span steel construction. This is to simplify repair and reconstruction in the event of
derailment or some other damage to the structure.

2.  Characteristics

The heavier loads of the railroad live load require deeper and stiffer members than
for highway bridges. Through girders can be used to reduce overall structure depth
if the railroad concurs. Piers should be normal to the railroad to eliminate skew
loading effects.

3. Depth/Span Ratios

Constant depth
Simple spans /12
Continuous two span 1
Continuous multi-span 1s
K. Timber
1. Use

Generally used for spans under 40 feet. Usually used for detour bridges and other
temporary structures.

2. Characteristics
Excellent for short-term duration as for a detour. Simple design and details.
3. Depth/Span Ratios
Constant depth
Simple span — Timber beam /10
Simple span — Glulam beam /12
Continuous spans /1
L. Other

Bridge types such as cable-stayed, suspension, arch, tied arch, and floating bridges have
special and limited applications. The use of these bridge types is generally dictated by
site conditions. Preliminary design studies will generally be done when these types of
structures are considered.

2.4.2 Wall Types

Retaining walls, wingwalls, curtain walls, and tall closed abutment walls may be used where
required to shorten spans or superstructure length or to reduce the width of approach fills. The
process of selecting a type of retaining wall should economically satisfy structural, functional,
and aesthetic requirements and other considerations relevant to a specific site. A detailed listing
of the common wall types and their characteristics can be found in Chapter 8 of the Bridge
Design Manual.
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2.5 Aesthetic Considerations

2.5.1 General Visual Impact

A bridge has a strong visual impact in any landscape. Steps must be taken to assure that even

the most basic structure will complement rather than detract from it's surroundings. The EIS

and bridge site data submitted by the Region should each contain a discussion on the aesthetic
importance of the project site. This commentary, together with submitted video and photographs,
will help the designer determine the appropriate structure type.

The State Bridge and Structures Architect should be contacted early in the preliminary bridge
plan process for input on aesthetics. Normally, a visit to the bridge site with the State Bridge
and Structures Architect and Region design personnel should be made.

Aesthetics is a very subjective element that must be factored into the design process in the
otherwise very quantitative field of structural engineering. Bridges that are well proportioned
structurally using the least material possible are generally well proportioned. However, the
details such as pier walls, columns, and crossbeams require special attention to ensure a
structure that will enhance the general vicinity.

For large projects incorporating several to many bridges and retaining walls, an architectural
theme is frequently developed to bring consistency in structure type, details, and architectural
appointments. The preliminary plan designer shall work with the State Bridge and Structures
Architect to implement the theme.

2.5.2 End Piers
A. Wingwalls

The size and exposure of the wingwall at the end pier should balance, visually, with

the depth and type of superstructure used. For example, a prestressed girder structure

fits best visually with a 15-foot wingwall (or curtain wall/retaining wall). However, there
are instances where a 20-foot wingwall (or curtain wall/retaining wall) may be used with
a prestressed girder (maximizing a span in a remote area, for example or with deep girders
where they are proportionally better in appearance). The use of a 20-foot wingwall shall
be approved by the Bridge Design Engineer and the State Bridge and Structures Architect.

It is less expensive for bridges of greater than 40 feet of overall width to be designed
with wingwalls (or curtain wall/retaining wall) than to use a longer superstructure.

B. Retaining Walls

For structures at sites where profile, right of way, and alignment dictate the use of high
exposed wall-type abutments for the end piers, retaining walls that flank the approach
roadway can be used to retain the roadway fill and reduce the overall structure length.
Stepped walls are often used to break up the height, and allow for landscape planting.
A curtain wall runs between the bridge abutment and the heel of the abutment footing.
In this way, the joint in the retaining wall stem can coincide with the joint between the
abutment footing and the retaining wall footing. This simplifies design and provides a
convenient breaking point between design responsibilities if the retaining walls happen
to be the responsibility of the Region. The length shown for the curtain wall dimension
is an estimated dimension based on experience and preliminary foundation assumptions.
It can be revised under design to satisfy the intent of having the wall joint coincide with
the end of the abutment footing.
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2.5.3

2.5.4

2.5.5

C. Slope Protection

The Region is responsible for making initial recommendations regarding slope protection.
It should be compatible with the site and should match what has been used at other bridges
in the vicinity. The type selected shall be shown on the Preliminary Plan. It shall be noted
on the “Not Included in Bridge Quantities™ list.

Intermediate Piers

The size, shape, and spacing of the intermediate pier elements must satisfy two criteria. They
must be correctly sized and detailed to efficiently handle the structural loads required by the
design and shaped to enhance the aesthetics of the structure.

The primary view of the pier must be considered. For structures that cross over another roadway,
the primary view will be a section normal to the roadway. This may not always be the same view
as shown on the Preliminary Plan as with a skewed structure, for example. This primary view
should be the focus of the aesthetic review.

Tapers and flares on columns should be kept simple and structurally functional. Fabrication
and constructability of the formwork of the pier must be kept in mind. Crossbeam ends should
be carefully reviewed. Skewed bridges and bridges with steep profile grades or those in sharp
vertical curves will require special attention to detail.

Column spacing should not be so small as to create a cluttered look. Column spacing should
be proportioned to maintain a reasonable crossbeam span balance.

Barrier and Wall Surface Treatments
A. Plain Surface Finish

This finish will normally be used on structures that do not have a high degree of visibility
or where existing conditions warrant. A bridge in a remote area or a bridge among several
existing bridges all having a plain finish would be examples.

B. Fractured Fin Finish

This finish is the most common and an easy way to add a decorative texture to a structure.
Variations on this type of finish can be used for special cases. The specific areas to receive
this finish should be reviewed with the State Bridge and Structures Architect.

C. Pigmented Sealer

The use of a pigmented sealer can also be an aesthetic enhancement. The particular hue
can be selected to blend with the surrounding terrain. Most commonly, this would be
considered in urban areas. The selection should be reviewed with the Bridge Architect
and the Region.

D.  Architectural Details

Rustication grooves, relief panels, pilasters, and decorative finishes may visually improve
appearance at transitions between different structure types such as cast-in-place abutments
to structural earth retaining walls. Contact the State Bridge and Structures Architect for
guidance.

Superstructure

The horizontal elements of the bridge are perhaps the strongest features. The sizing of
the structure depth based on the span/depth ratios in Section 2.4.1, will generally
produce a balanced relationship.
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Haunches or rounding of girders at the piers can enhance the structure’s appearance. The use of
such features should be kept within reason considering fabrication of materials and construction
of formwork. The amount of haunch should be carefully reviewed for overall balance from the
primary viewing perspective. Haunches are not limited to cast-in-place superstructures, but may
be used in special cases on precast, prestressed I girders. They require job-specific forms which
increase cost, and standard design software is not directly applicable.

The slab overhang dimension should approach that used for the structure depth. This dimension
should be balanced between what looks good for aesthetics and what is possible with a
reasonable slab thickness and reinforcement.

For box girders, the exterior webs can be sloped, but vertical webs are preferred. The amount
of slope should not exceed 1%2: | for structural reasons, and should be limited to 4:1 if sloped
webs are desired. Sloped webs should only be used in locations of high aesthetic impact.
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2.6
2.6.1

2.6.2

2.6.3

Miscellaneous

Structure Costs

See Section 12.3 for preparing cost estimates for preliminary bridge design.

Handling and Shipping Precast Members and Steel Beams

Bridges utilizing precast concrete beams or steel beams need to have their access routes checked
and sites reviewed to be certain that the beams can be transported to the site. It must also be
determined that they can be erected once they reach the site.

Both the size and the weight of the beams must be checked. Likely routes to the site must be
adequate to handle the truck and trailer hauling the beams. Avoid narrow roads with sharp turns,
steep grades, and/or load-rated bridges, which may prevent the beams from reaching the site. The
Bridge Preservation Office should be consulted for limitations on hauling lengths and weights.

Generally 200 kips is the maximum weight of a girder that may be hauled by truck. When the
weight of a prestressed concrete girder cast in one piece exceeds 160 kips, it may be required
to include a post-tensioned 2-piece option detailed in the contract plans.

The site should be reviewed for adequate space for the contractor to set up the cranes and
equipment necessary to pick up and place the girders. The reach and boom angle should
be checked and should accommodate standard cranes.

Salvage of Materials

When a bridge is being replaced or widened, the material being removed should be reviewed for
anything that WSDOT may want to salvage. Items such as aluminum rail, luminaire poles, sign
structures, and steel beams should be identified for possible salvage. The Region should be asked
if such items are to be salvaged since they will be responsible for storage and inventory of these
items.
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2.7
2.7.1

WSDOT Standard Highway Bridge

Design Elements

The following are standard design elements for bridges carrying highway traffic. They are
meant to provide a generic base for consistent, clean looking bridges, and to reduce design
and construction costs. Modification of some elements may be required, depending on site
conditions. This should be determined on a case-by-case basis during the preliminary plan
stage of the design process.

A.

General

Fractured Fin Finish shall be used on the exterior face of the traffic barrier. All other
surfaces shall be Plain Surface Finish.

Exposed faces of wingwalls, columns, and abutments shall be vertical. The exterior face
of the traffic barrier and the end of the intermediate pier crossbeam and diaphragm shall
have a 1:12 backslope.

Substructure
End piers use the following details:

15 feet wingwalls with prestressed girders up to 74 inches in depth or a combination
of curtain wall/retaining walls.

Stub abutment wall with vertical face. Footing elevation, pile type (if required), and setback
dimension are determined from recommendations in the Materials Laboratory Geotechnical
Services Branch Geotechnical Report.

Intermediate piers use the following details:

“Semi-raised” Crossbeams: The crossbeam below the girders is designed for the girder
and slab dead load, and construction loads. The crossbeam and the diaphragm together
are designed for all live loads and composite dead loads. The minimum depth of the
crossbeam shall be 3 feet.

“Raised” Crossbeams: The crossbeam is at the same level as the girders are designed for
all dead and live loads. “Raised” crossbeams are only used in conjunction with Prestressed
Concrete Tub Girders.

Round Columns: Columns shall be 3 feet to 6 feet in diameter. Dimensions are constant full
height with no tapers. Bridges with roadway widths of 40 feet or less will generally

be single column piers. Bridges with roadway widths of greater the 40 feet shall have

two or more columns, following the criteria established in Section 2.3.1.H. Oval or
rectangular column may be used if required for structural performance or bridge visual.

Superstructure

Concrete Slab: 72 inch minimum thickness, with the top and bottom mat being epoxy
coated steel reinforcing bars.

Prestressed Girders: Girder spacing will vary depending on roadway width and span length.
The slab overhang dimension is approximately half of the girder spacing. Girder spacing
typically ranges between 6 feet and 12 feet.

Intermediate Diaphragms: Locate at the midspan for girders up to 80 feet long. Locate
at third points for girders between 80 feet and 150 feet long and at quarter points for
spans over 150 feet.
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2.7.2

End Diaphragms: “End Wall on Girder” type.
Traffic Barrier: “F-shape” or Single-sloped barrier.

Fixed Diaphragm at Inter. Piers: Full or partial width of crossbeam between girders and
outside of the exterior girders.

Hinged Diaphragm at Inter. Piers: Partial width of crossbeam between girders.
Sloped curtain panel full width of crossbeam outside of exterior girders, fixed
to ends of crossbeam.

BP Rail: 3 feet 6 inches overall height for pedestrian traffic. 4 feet 6 inches overall height
for bicycle traffic.

Sidewalk: 6-inch height at curb line. Transverse slope of -0.02 feet per foot towards
the curb line.

Sidewalk barrier: Inside face is vertical. Outside face slopes 1:12 outward.
Examples

Appendices 2.3-A2-1 and 2.7-A1-1 detail the standard design elements of a standard
highway bridge.

The following bridges are good examples of a standard highway bridge. However,
they do have some modifications to the standard.

SR 17 Undercrossing 395/110 Contract 3785
Mullenix Road Overcrossing 16/203E&W Contract 4143

Detailing the Preliminary Plan

The Bridge Preliminary Plan is used and reviewed by the Bridge and Structures Office or
consultant who will do the structural design, Region designers and managers, Geotechnical
engineers, Hydraulics engineers, Program managers, FHWA engineers and local agency
designers and managers. It sometimes is used in public presentation of projects. With such
visibility it is important that it's detailing is clear, complete, professional, and attractive. The
designer, detailer, and checker shall strive for completeness and consistency in information,
layout, line style, and fonts. Appendix B contains examples of Preliminary Plans following
time-proven format that may be helpful. See also Chapter 11, Detailing Practice.

Typical sheet layout is as follows:

1.

Plan and Elevation views. (This sheet ultimately becomes the Layout sheet
of the design plan set)

Typical Section including details of stage construction.

Superelevation diagrams, tables of existing elevations, Notes to Region, and other
miscellaneous details as required shall go on Sheet 2, 3, or 4, as many as are required.
See also the Preliminary Plan Checklist for details, dimensions, and notes typically
required. The completed plan sheets shall be reviewed for consistency by the
Preliminary Plans Detailing Specialist.
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